5- 9-07 ; 1 1 : 1 2AM ; 



; 5 1 32486680 



# 20/ 31 



^917} 1-4^ 



Registered No. 2006 - $552 



NOTARIAL CERTIFICATE 




SAM-SUNG LAW AND NOTARY OFFICE 

89-22, 2-ga, Sinmun-no, Chongno-gu 
Seoul, Korea 



PACE 20/31 * RCVD AT 5/9)2007 1 1 :14:34 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF.2/20 * DNlS:2738300 * CSID:51 32486680 " DURATION (mm-ss): 12-52 



9-07; 1 1 : 12AM; ;5l324866BO # 21/ 31 



(51) Int. CI. 7 

D21H 19/72 



(19) Korean Intellectual Property Office (KR) 
(12) Publication of Registered Patent (Bl) 



(45) Publication of registration Nov. 23, 2002 



(1 1) Registration No. 
(24) Registration Date 



(21) Application No. 

(22) Application Date 
(73) Patentee 

(72) Inventors) 



(74) Agent 

Examiner: Park, Gil 



10-0362082 
Nov. 11,2002 



10-1999-0058666 (65) Publication No. 2001-0056213 
Dec. 17, 1999 (43) Publication Date July 4, 2001 

Korea Security Printing & Minting Corporation 
35 Gajung-dong, Yuseong-gu, Daejeon 
SIM, JAE HO 

115-203 Hyangchon Apt., Dunsan-dong, Seo-gu, Daejeon 
JUNG, YANG JIN 

101-506 Hanbat Garden Apt., Sansungydong, Chung-gp, Daejeon 
OH, KYU HWAN, CHANG, SUNG ofe ^fii'ife 

Chae 



mm 



(54) Production of paper having excellent strength, dimensional stability and 
antimicrobial properties 

Abstract 

This invention relates to a process for preparing a paper with excellent strength, 
dimensional stability and antimicrobial properties. The invention comprises a step in 
which paper, after the first drying process, is surface-treated with chitosan-containing 
polyvinyl alcohol or a starch solution. 



Detailed Description of the Invention 

The present invention relates to a process for preparing a paper with excellent 
strength, dimensional stability and antimicrobial properties. 

Conventionally, polyvinyl alcohol, gelatin, starch, and the like were used as 
surface treatment agents to increase surface strength, overall strength and printability of 
paper. However, when such paper is treated with polyvinyl alcohol, gelatin or starch 
alone, it showed several disadvantages, such as poor dimensional stability and poor 
strength. Also, it lacked antimicrobial properties which cause damages from bacteria 
or fungi. Such disadvantages prevented such paper from being used as safety paper 
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such as for securities certificates. For example, bills, a type of securities, are exposed 
to numerous bacteria while being exchanged among thousands of users. Thus, they 
could pose some negative health effects to the users. Further, the dimensional stability 
of the paper is very important for securities certificates which undergo a high precision 
printing process. However, the dimensional stability of such paper deteriorates when it 
is treated with polyvinyl alcohol, gelatin, or starch alone according to the conventional 
methods. 



US Patent No. 4,056,432 discloses a process for preparing paper, which 
comprises adding a graft-polymerized copolymer of high molecular chitosan and acrylic 
or diaryl monomer to the paper dispersion for preparation of paper to enhance the 
drying strength of paper. US Patent No. 4,102,738 discloses a method of adding 
chitosan dissolved in acidic solvent to the paper dispersion for preparation of corrugated 
paper to improve strength. US Patent No. 5,454,907 discloses a method of adding 
sulfonic acid and chitosan during the refining procedure to increase the refining 
efficiency and strength of pulp fiber. Also, US Patent No. 5,827,610 discloses a 
process for preparation of paper which comprises coating chitosan onto aramid fiber in 
order to increase the friction coefficient of paper. 

JP 2,127,596 discloses a process for preparing an antimicrobial paper by 
treating the paper with low molecular chitosan; however, the paper produced by this 
method has a low strength due to the use of low molecular chitos&i: !?,7 ,1-7.;. . M 



Therefore, the objective of the present invention is to provide a process for 
preparing paper which can improve the aforementioned properties, i.e. strength, 
dimensional stability and antimicrobial properties simultaneously. 

According to said objective, the present invention provides a process for 
preparing a paper, comprising surface-treating the paper with chitosan-containing 
polyvinyl alcohol or starch solution. 

Hereinafter, the present invention is described in detail. 



alia! 



The invention comprises forming a wet sheet, subjecting it to the first drying 
step and then treating it with a surface-treating solution containing polyvinyl chitosan 
and alcohol or starch. Said surface-treating solution may be produced by preparing 
chitosan solution in water or in 0.2-2 wt% acetic acid solution in a concentration of 
0.1-5 wt%, and mixing said solution with 2-5 wt% aqueous polyvinyl solution or 2-30 
wt% aqueous starch solution by a ratio of from 1:99 to 50:50 w/w, wherein, chitosan 
shows a deacetylation level of 80-95% and has a molecular weight of from 
100,000-1,000,000. Preferably, said chitosan shows a deacetylation level of 90 to 95 
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and has a molecular weight of 300,000 to 500,000. The concentration of aqueous 
polyvinyl alcohol solution is preferably 3-4 % by weight, and the concentration of 
aqueous starch solution is preferably 10-20% by weight. Said polyvinyl alcohol 
solution is obtained by adding polyvinyl alcohol to water to expand, and then dissolving 
it in water at 70-99 TC . The starch solution is prepared by adding starch to water and 
dissolving it at 70-120 1 . 

Chitosan used in the process of the present invention is one of the most 
abundant high molecular substances in nature after cellulose. It is prepared by 
deacetylation of chitin which is present in the shell of crabs, shrimps, mushrooms, fungi 
and the like. Chitosan has a chemical structure similar to cellulose, and it is very 
compatible with paper which mainly consists of cellulose. Therefore, it improves the 
overall properties of the paper as well as antimicrobial properties. 

Polyvinyl alcohol, which can be used as a surface-treating agent together with 
chitosan, has been used as adhesives or surface-treating agents. When it is applied on 
the surface of paper, it improves surface strength, overall strength, etc., as well as 
printability of paper. Starch, which can be used with chitosan, has also been used as a 
surface-treating agent. 

The surface-treated paper is then dried by a conventional method to produce • 
paper as the final product. When polyvinyl alcohol is used for surface treatment, the 
treated paper can be, if needed, subjected to an after-treatment with aqueous borax 
solution or aqueous solution of borax and glycerin to cure the polyvinyl alcohol, 
wherein aqueous borax solution preferably comprises l-2;Wt% borax, and aqueous : 
solution of borax and glycerin preferably comprises 1-2 wt% borax and 2-20 wt% 

Below, the present invention is illustrated in more detail with the following 
examples. However, the following examples are only intended to illustrate the 
invention and not to limit the scope of the present invention. 

Examples 

Example 1 

Chitosan with molecular weight of 500,000 and deacetylation level of 90% was 
dissolved in 1 wt% acetic acid solution, and then mixed with 4.7 wt% polyvinyl alcohol 
solution in a ratio of 1 5 :85 w/w to produce a surface-treating solution containing 0. 1 5 
wt% chitosan and 4 wt% polyvinyl alcohol. Then the solution was charged to a surface 
treatment bath and the paper subjected to the first drying process after being formed to 
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wet sheet was surface-treated by soaking in the solution for 20 seconds, followed by 
pressing it with the press roll to remove residual surface-treating solution on the surface 
of the paper. The surface-treated paper subjected to the first drying process was then 
immersed in 1 .5 wt% borax solution for 5 seconds for curing, dried with hot air and 
drum-dried again to make paper as the final product. 

Example 2 

Chitosan with molecular weight of 500,000 and deacetylation level of 90% was 
dissolved in 1 wt% acetic acid solution, and then mixed with 6.7 wt% oxidized starch 
solution in a ratio of 10:90 w/w to produce a surface-treating solution containing 0.1 
wt% chitosan and 15 wt% oxidized starch. Then the solution was charged to surface 
treatment bath and the primarily dried paper after being formed to wet sheet was 
surface-treated by immerging in the bath for 20 seconds, followed by pressing it with 
press roll to remove residual surface-treating solution on the surface of the paper. The 
treated paper was dried with hot air and drum-dried again to make paper as the final 
product. 



Example 3 

Paper was prepared according to the method of Example 1 except that chitosan 
with molecular weight of 100,000 and deacetylation level of 95% is used. 

Comparati ve Example 1 to 2 



Paper was prepared according to the method of Example 1 and 2 except that no 
chitosan was used. jjoioi.. ' -j 

Test Examples 



For the papers prepared in Examples 1 to 3 and Comparative examples 1 to 3, 
tensile strength, folding endurance, burst strength, internal bonding strength, modulus of 
elasticity and antimicrobial properties were determined under following conditions. 



Tensile strength: 
Folding endurance: 
Burst strength: 
Internal bonding strength: 
Modulus of elasticity:. 



KSM 7014-85 
KS M 7065-92 
KSM 7017-85 
TAPPI UM 403 

% of length extension between paper lengths 
determined in the standard humidity condition 
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and after soaked in water sufficiently. 

In the test results, the paper prepared in Example 1 showed an increase of 20% 
in tensile strength, 15% in folding endurance, 18% in burst strength, and 23% in internal 
bonding strength compared to the paper of Comparative example 1 which was surface- 
treated by polyvinyl alcohol alone, and the former showed a good printability as well. 
For the modulus of elasticity which helps to evaluate the dimensional stability, the paper 
of Example 1 showed dimensional stability with extension of only 1.5% in width, while 
the paper of Comparative example 1 extended 5% in width. 

Further, the paper prepared in Example 2 showed an increase of 10% in tensile 
strength, 13% in folding endurance, 15% in burst strength, and 17% in internal bonding 
strength compared to the paper of Comparative example 2 which was surface-treated 
with oxidized starch alone, and it also showed a good printability. While the paper of 
Comparative example 2 is 6% of modulus of elasticity, the paper of Example 2 showed 
2% of modulus, of elasticity, indicating a good elastic stability. 

The paper of Example 3 showed paper properties which were equivalent to or 
better than those of Example 1 and 2. In the test for the antimicrobial activity against 
coliform bacillus, the paper of Example 2, which is surface-treated by oxidized starch 
alone, showed no decrease in the number of coliform bacillus. However, the paper 
from Example 3 showed a decrease of more than 85% of the number of colifonn 
bacillus, which proves that the paper prepared in Example 3 has a good antimicrobial 
activity. 

The paper treated by surface-treating agent comprising chitosan together with 
polyvinyl alcohol or starch according to the present invention, has improved physical 
properties, strength, and dimensional stability thjan,pnq,^^di with polyvinyl alqohk or 
starch alone according to the conventional metifefe hasi/ahtin^oiaail 
properties. M^0\S§T 



Claims 

Claim 1 A process for preparing paper, comprising surface-treating the paper, which 
had been subjected to drying after being formed to wet sheet, with an 
aqueous polyvinyl alcohol or starch solution containing a chitosan, wherein 
the chitosan has molecular weight of 100,000-1,000,000. 

Claim 2 A process for preparing paper according to Claim I, wherein said aqueous 
solution is produced by preparing a chitosan solution in water or in 0,2-2 
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wt% acetic acid solution in a concentration of 0. 1-5 wt%, and mixing the 
chitosan solution with 2-5 wt% aqueous polyvinyl solution or 2-30 wt% 
aqueous starch solution by a ratio of from 1 :99 to 50:50 w/w, wherein 
chitosan has deacetylation level of 80-95% and molecular weight of 
100 3 QOO-1,000,000. 



Claim 3 A process for preparing paper according to Claim 1 , further comprising an 
after-treatment with 1-2 wt% aqueous borax solution or aqueous solution 
containing 1-2 wt% borax and 2-20 wt% glycerin. 
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